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The present invention relates to the fabrication of a 
semiconductor signal translating device and more par 
ticularly to a method of making a diffused junction tran 
sistor which is specially characterized by an intrinsic 
layer. ‘ . 

The‘art of making p-n junctions using diffusion tech 
niques has advanced to the stage where two impurities of 
opposite conductivity producing types can be simultane 
ously diffused from the vapor state into a body of semi 
conductor material having an initial conductivity to pro 
duce a pair of p-n junctions. . ; ~ 

It is a broad object of the present invention to further 
advance the art of producing p-n junctions using diffusion 

‘techniques by providing a method of fabricating a junc-' 
tion transistor which results in the formation of ' an in 
trinsic layer. This is essentially accomplished by a dif 
ferential diffusion technique utilizing a pluralityof N 
and P-type impurities. 
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It is recognized that’ to convert a region of a semi- _ 
conductive body ofone‘conduetivity type to an intrinsic 
region, it is necessary to'change the resistivity of the 
material from its original value, usually less than 5 ohm 
centimeters, to above about .60 ohm centimeters. Such 
a resistivity change may be eifected in either of one of 
two ways. The impurity concentration must be substan 
tially decreased or a number of carriers of a conductivity 
producing type’ opposite to that initially'posses'sed by 
the region must be added to neutralize the effects of the 

, conductivity producing impurities originally in this region. 
In accordance with the present invention, a single step 

diffusion technique of impurities from the vapor state is 
employed wherein three impurities of predetermined con 
ductivity producing types are introduced into a body of 
semiconductor material. Each impurity has a different 
diffusion coef?cient so that “the resulting produetis either 
a PNIP or an NPIN transistor. In each case, the in 
trinsic layer is the innermost diffused layer and is ob 
tained by neutralizing the effects of the impurities orig-' 
inally in this layer. Since the intrinsic layer is the 
innermost diffused layer, the impurity which is intro 
duced into this layer must have the highest diffusion 
coefficient of all the impurities being introduced into the 
semi-conductor body. In addition, the quantity of the 
impurity material must be carefully controlled so that 
the concentration of this impurity in the intrinsic region 1 

'60 just balances the impurity carriers originally in this region 
and does not overbalance them. ’ The impurity material 
employed in accordance with the'present invention which 
is introduced into the next most inner diifu‘sedlayer must 

- be of a type and be used in suf?cient quantity to‘convert ' 
the region into which it diffuses into opposite type con 
ductivity. The impurity material introduced into‘ the 
outer diffused layer must be of a type and be used in 
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transistor. The invention, however, is not limited to 
only NPIN or PNIP transistors since by properly select 
ing various of the impurity materials with regard to kind, 
quantity and their diffusion eoe?‘icients, numerous layers 
may be formed in a body of semiconductor material by 
a single step process of diffusing the selected impurities 
from‘the vapor state into the body. 
As in all vapor diffusion processes, the quantities of 

~ the materials used must be carefully controlled in regard 
to one another so that no material under the given op 
erating conditions will saturate the surface of the semi 
conductor‘ beyond its limit of solubility and thereby, ex 
clude or inhibit the diffusion of a proper quantity of each 
material into the body of semiconductor material. 

' The equation that describes theconcentration of im 
purity carriers at any depth below the surface of a semi 
conductor body is as follows: 

wherein C(x) is the concentrations of the carriers in 
atoms per cubic centimeters at any depth x; C0 is the 
concentration in atoms per cubic centimeter at the sur 
face of the wafer; x is any depth in centimeters; D is the 
diffusion coef?cient of the material ‘and t- is the time of 
treatment. There are three independent variables in this 
equation, these ‘being the terms 'D, C0 and time. Both 
D and C0 are dependent upon the temperature of treat 
ment. Therefore, in the present invention, the tempera 
ture must be chosen with due regard to, the desired com 
bination of diifusants to produce the final desired results. 

In one embodiment of the present invention, a wafer 
of germanium of \ N-conductivity type and having‘ a 
resistivity of about 3 ohm centimeters is used. The im 
purities employed in this example are indium, gallium 
and arsenic. Of .the impurities, gallium ‘has the highest 
diffusion coefficient and is employed in su?icient quantity 
to penetrate the deepest and to produce a clearly de 
fined intrinsic layer. The indium has the second highest 
diffusion coefficient and is employed to produce a P-layer 
contiguous to the intrinsic layer. The arsenic is em 
ployed to produce an N-type layer at the surface of the 
wafer contiguous to the P-conductivity layer. 
The invention and the above-noted and other features 

thereof will be understood more clearly and fullyfrom 
the following detailed description vwith reference to the 

‘ accompanying. drawing in which the single ?gure of the. 

50 

Y which may be a quartz tube. 

accompanying drawing is a schematic illustration of the 
type of apparatus employed and the ‘resulting product. 

Referring speci?cally to» the ?gure, a wafer 1 of N 
type germanium having a resistivity of about‘ 3 ohm 
centimeters is placed in a standard'reaction chamber 2 

Chamber 2 is connected 
‘to be evacuated by a pump 3‘. The wafer is placed as‘ 
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' the, above equation. 

>time,>the reaction tube 2 is cooled and then the Wafer 
is removed. The wafer 1 now comprises a collector Y 
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suf?cient quantity to overcome the effects of the two 
aforementioned impurities and reeonvert the surface layer . ' 
of the body back to its original ‘type conductivity. 
The discussion thus far has proceeded with reference 

to the formation of an NPIN; transistor and,’ a PNIP 
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viewed in the ?gure to the right of a baffle or wall 4', I 
and the impurity materials to be employed in the process 
are mixed together'in the form of a mass 5 and placed - 
on theleft-hand side of the Wall 4. After the chamber 
,2, has been evacuated to the desired extent by the pump 
'3, the chamber is heated by suitable means until the 
mass 5 becomes vaporized. The temperature and times 
employed for treatment are chosen in accordance with 

At the end of the desired reaction 

region 6 having the original conductivity of the wafer 
which is indicated in this“ instance to be. N-type con, 

_ ‘ductivity. immediately overlying the collector region 6 - 
is an intrinsic’ layer 7. The inner boundary of this layer ‘- ' 
only lies a short distance below the surface of the wafer 
and, in fact, in the speci?c example, lies only 0.0003’ 
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inch into the wafer 1. The intrinsic layer 7 has a re 
sistivity above about 60 ohm centimeters. Immediately 
overlying the intrinsic layer 7 is a layer 8 of P-type 
conductivity which, in a speci?c example, may have an 
inner boundary about 0.00015 inch from the surface of 
the wafer and an outer boundary a distance of 0.0001 
inch from the surface of the wafer. . Above the layer 8 
and at the upper surface of the water 1 is a layer 9 of 
N-conductivity material. By virtue of the above de 
scribed method, the semiconductive body, wafer 1, is 
transformed into an NPIN transistor. 

In a speci?c example of a method for forming an ‘ 
NPIN transistor; a semiconductive body of N-type con 
ductivity germanium is placed in a quartz tube with three 
impurities and the tube is evacuated to a pressure of 75 
microns. The three impurity materials employed in this 
particular process and their relative quantities are indium 
200 milligrams, arsenic 3 milligrams, and gallium which 
is added as a gallium-indium alloy with gallium consti 
tuting 1A0 of 1% of 10 milligrams of the alloy. 

In this arrangement, gallium has the highest diffusion 
coefficient and is employed to form the intrinsic layer 
7. The indium is employed to form the P-type layer 8 
whereas the arsenic is employed to form the upper N 
layer 9. After the materials have been sealed in the 
tube and the tube has been evacuated to 75 microns pres 
sure as indicated above, the tube is heated to a tem 
perature of from 900° C. to 1200° ‘C. for ?ve hours to 
one hour, respectively. At the end of the, treatment, 
the tube is cooled and fabrication of the semiconductive 
body is completed by lapping away'unwanted portions 
and attaching suitable contacts in accordance with ac 
cepted practice. 
An analysis of the ?nal product indicates that the 

intrinsic layer 7 contains gallium and the initial N-type 
impurity in the wafer. The layer 7, in this example, 
was changed from a resistivity of 3 ohm centimeters to 
100 ohmtcentimeters. The P-type layer 8 includes gal 
lium, indium and the original N-type impurity, whereas 
the external layer 9 includes gallium, indium, arsenic 
and the original N-type impurity. The gallium in the 
intrinsic layer is there on an atomic basis in substantially 
the same quantity as the original N-type impurity, while 
in the P-type layer, the indium predominates. In the 
outer N-type layer, of course, the arsenic predominates. 

Although the preceding discussion of the invention is 
largely con?ned to a single preferred embodiment, it will 
be appreciated that obvious changes or substitutions are 
considered Within the purview of the invention. For 
example, any suitable semiconductor material can be 
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4 
used including germanium, silicon, and combinations of 
two or more elements; any suitable impurity materials 
can be used; and any permissible variations can be made 
in the operating conditions of the process. 
What is claimed is: 
1. The method of fabricating a semiconductive body 

having a plurality of layers of different conductivities 
and at least one layer of intrinsic conductivity compris 
ing placing a body of semiconductive material of an N 
type conductivity in a chamber evacuating air from the 
chamber, subjecting the body simultaneously to the vapor 
of the elements gallium, indium and arsenic at a tem 
perature and for a time sufficient to produce diffusion of 
said elements into said body. 

2. The method of fabricating a semiconductive body 
having a plurality of layers of different conductivities 
and at least- one layer of intrinsic conductivity compris 
ing placing a body of semiconductive material of an N 
type conductivity in a chamber evacuating air from the 
chamber, and subjecting the body simultaneously to the 
vapor of the elements gallium, indium and arsenic at a 
temperature of from 900°. C. to 1200° C. for from ?ve 
hours to one hour, respectively. 

3. The method of fabricating’ a semiconductive body 
having a plurality of layers diffused therein with the 
innermost diffused layer of intrinsic conductivity com 
prising placing a body of semiconductive material of a 
?rst conductivity type in a chamber, and heating body 
in the presence of vapors of at least three'impurity ma 
terials having substantially different diffusion coefficients 
at a temperature and for a time sui?cient to diffuse said 
impurity materials into said body, at least two of said 
impurity materials being of opposite conductivity pro 
ducing type, and at least one of said‘impurity materials 
being of said ?rst conductivity producing .type, said im 
purity materials of opposite conductivity producing type 
having higher diffusion coefficients than said impurity 
material of said ?rst conductivity producing type, the 
faster diffusing of said impurity materials of said opposite 
conductivity producing typebeing present in suf?cient 
concentration to produce said layer of intrinsic con 
ductivity. ' _ . r ‘ ' 

4; The method of claim 3 wherein said semiconductive 
material is' germanium. 

5. The method of claim 3 wherein said semiconductive 
material is silicon. ‘ 
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